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Introduction
Amides [1] [2] [3] [4] [5] and ureas [5] [6] [7] [8] [9] are well-known classes of supramolecular gelators, capable of gelling water (hydrogels) and organic solvents (organogels) by means of highly directional NHO=C hydrogen bonding interactions. [10] [11] [12] [13] [14] [15] [16] This type of hydrogen bonded fibre formation is implicated in a range of important biological phenomena such as protein (mis)folding and amyloid formation. [17] [18] Gel strength is increased in multifunctional compounds such as bis(amides) [19] [20] [21] and bis(ureas) 6, [22] [23] and the additional NH group in the urea class tends to result in more cohesive materials. [24] [25] Gels consist of extended fibrils 22 or scrolled sheets, 26 typically comprising continuous arrays of six-membered hydrogen bonded rings known as α-tape motifs. 9, [27] [28] [29] [30] [31] Bunching or braiding of these fibrils gives fibres that entangle to give a three-dimensional samplespanning gel network capable of immobilising solvent by surface tension effects. [11] [12] We have recently reported hydrogelation by an imidazole urea (1) derived from histamine. 32 In this system half of the double -tape motif of typical bis(urea) gelators is replaced by a zig-zag imidazole NHN hydrogen bonded chain (Fig. 1) . Gelation is 'turned off' in this system by interaction with transition metal ions which interrupt the imidazole hydrogen bonding. We now report the organogelation behaviour of a series of related imidazole ureas derived from histidine including substituent dependence and metal responsiveness. 
Results and Discussion

Synthesis
The imidazole ureas of types 2 -4 were prepared in generally good yields by refluxing L-histidine methyl ester dihydrochloride with trimethylamine accompanied by slow addition of the appropriate aryl isocyanate (see experimental section). The N-alkyl ureas of type 4 required purification by column chromatography. The aryl ureas of type 2 were found to retain HCl very strongly and were typically obtained as 2:1 hemihydrochloride salts (vide infra). Similar reactions with p-tolyl and p-methoxy isocyanates (which bear electron donating substituents in the para position) gave rise to undesired hydantoin cyclisation products of type 5 which were isolated and characterised by X-ray crystallography (see supplementary information). Previous studies have suggested the mechanism is a base catalysed ring closure.
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Gelation properties
All the compounds were tested across a wide range of different solvents for solubility, gelation ability and tendency to crystallise. Initially, 5 mg of material was weighed in a 2 mL glass vial and 0.5 mL of solvent was added to give 1 % (w/v) mixture. The mixtures were sonicated for approximately 20 seconds to break up large particles and then gently heated until the solid was completely dissolved. Hot solutions were allowed to cool to room temperature. No gelation behaviour was observed for the aryl urea compounds of type 2. In contrast the benzyl derivative 3 formed organogels in acetonitrile, ethyl acetate, nitromethane and nitrobenzene. In addition, the compound forms a hydrogel immediately upon sonication in water at room temperature.
Ultrasound induced gelation has been reported previously as a useful route to room temperature gelation and in cases of relatively insoluble species may be related to transient dissolution and rapid reprecipitation of surface material. [35] [36] Gels of 3 in nitromethane between 0.5 and 2.0 % (w/v) are stable to the inversion test (Fig. 2a ) and partial gels form as low as 0.3 % (w/v) in ethyl acetate (Fig. 2b) . Xerogels of 3 were investigated by scanning electron microscopy (SEM). Samples were prepared by drying gels of compound 3 obtained from ethyl acetate, nitromethane and water on SEM plates followed by platinum coating. The xerogels comprise long entangled ribbon-like fibres (Fig. 3a) . 37 The fibres exhibit a helical twist and are homochiral. Helical fibres are commonly observed in xerogels derived from ribbon-like fibres of chiral, racemic and achiral gelators. For example, mixtures of left and right handed helices of gels of achiral 1 have been observed previously. 32 Helical twisting can result from variations in mechanical, thermal and/or compositional fields within the crystal growth medium. 38 As a solid material precipitates from solution, differences in density and composition increase between the growing solid and the surrounding solution. Twisting can occur if these field variations are significant on either side of the propagating fibre. 39 The homochirality of the fibres of the xerogels of 3 are consistent with the use of non-racemic L-histidine derivatives in the present case (Fig 3b) . Fig. 3c shows isolated single homochiral helical fibres obtained from the nitromethane gel in addition to a bulk interweaved network, suggesting a long helical persistence length.
SEM images of the dried hydrogel of 3 also show an entangled fibre network comprised of shorter, more bunched fibres (Fig. 3d) . The viscoelastic properties of gels of compound 3 were studied using stress sweep rheometry. Oscillatory stress sweeps of varying gelator concentration were carried out in acetonitrile using a parallel plate rheometer at a gap of 2.5 mm with rough surfaces to improve gel contact. A stress sweep at 1 % (w/v) (Fig. 4) shows that at low stresses, G′ is more than an order of magnitude larger than G′′, indicating significant elastic behaviour characteristic of a gel. 13, 37, [40] [41] Viscoelastic behaviour can also be seen by a demonstrates it to be of similar strength of the acetonitrile gel of 3. Also, as with 3, viscoelastic behaviour occurs approaching the yield point. This behaviour is illustrated by a marked increase in G′′ due to weak structural interactions between fibres breaking down at high stress. SEM of xerogels of 4b revealed a helical, entangle structure more similar to xerogels of 3 than 4a. SEM images show an intertwined network of thin fibrils expected for a gel (Fig. 6a) . 1 The fibrils are twisted with the same handedness throughout the network as anticipated due to the chirality of the gelator molecule.
Individual twisted fibrils are also shown to wrap around each other to form larger braided structures (Fig. 6b ). Reports have previously outlined that the presence of long alkyl chains facilitate gelation, whereas the presence of short alkyl chains or branching favours solubilisation or crystallization. 46 The gelation behaviour of the alkyl analogues of type 4 are consistent with this observation with 4a being a poorer gelator and forming more crystalline aggregates than the octyl analogue 4b.
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It is interesting that while the sterically unhindered ureas 3 and 4b are quite effective gelators, the aryl ureas of type 2 are ineffective in gel formation. This observation may be linked to the formation of intramolecular CHO hydrogen bonds between the aryl CH groups and the urea carbonyl oxygen atom. This well-reported effect [29] [30] results in considerable steric hindrance of the urea carbonyl and consequent decrease in its hydrogen bond basicity. As a result it is likely that the urea -tapes are either not formed in the case of compounds of type 2 or are too weak to result in effective fibril formation.
Metal and Halide Complexation
Complexation of imidazole urea 1 with transition metal ions results in a marked decrease in its gelation ability and the competing formation of a range of metal complexes. 32 In contrast, pyridyl ureas are strengthened by metal complexation, 47 while pyridinyl methyl species exhibit complex responsive behaviour. 48 The behaviour of gelator 3 parallels that of 1. Compound 3 was screened across a range of metal salts to investigate if the gelator molecule could coordinate metal ions to produce a metallogel.
The metal salts studies were nickel(II) chloride, nickel(II) nitrate, cobalt(II) chloride, 
Synthesis
1-[2-(1H-imidazol-4-yl)ethyl]-(2-methylester)-3-phenylurea (2a)
A stirred solution of L-histidine methyl ester dihydrochloride (0.500 g, 2.07 mmol) in chloroform (50 mL) and triethylamine (0.58 mL, 4. 
1-[2-(1H-imidazol-4-yl)ethyl]-(2-methylester)-3-(2-tolyl)urea (2b)
A stirred solution of L-histidine methyl ester dihydrochloride (1.00 g, 4.13 mmol) in chloroform (100 mL) and triethylamine ( 
1-[2-(1H-imidazol-4-yl)ethyl]-(2-methylester)-3-(2-nitrophenyl)urea (2c)
A stirred solution of L-histidine methyl ester dihydrochloride (1.00 g, 4.13 mmol) in chloroform (100 mL) and triethylamine (1.16 mL) was heated to reflux under nitrogen.
O-nitrophenyl isocyanate (0.678 g, 4.13 mmol) was added before refluxing for 18
hours. The resulting yellow solution was washed with water and yellow solid precipitated out into the chloroform. This precipitate was filtered and dried under vacuum in a drying pistol to yield the product as a powder (0.365g, 
1-[2-(1H-imidazol-4-yl)ethyl]-(2-methylester)-3-(3-nitrophenyl)urea (2d)
A stirred solution of L-histidine methyl ester dihydrochloride (1.00 g, 4.13 mmol) in chloroform (100 mL) and triethylamine (1.16 mL) was heated to reflux under nitrogen. Recrystallisation 
1-[2-(1H-imidazol-4-yl)ethyl]-(2-methylester)-3-(3-methoxyphenyl)urea (2e)
A stirred solution of L-histidine methyl ester dihydrochloride (0.500 g, 2.07 mmol) in chloroform (50 mL) and triethylamine (0.58 mL) was heated to reflux under nitrogen. Recrystallisation 
1-[2-(1H-imidazol-4-yl)ethyl]-(2-methylester)-3-benzylurea (3)
A stirred solution of L-histidine methyl ester dihydrochloride (0.50 g, 2.07 mmol) in chloroform (50 mL) and triethylamine (0.58 mL, 4. 
1-[2-(1H-imidazol-4-yl)ethyl]-(2-methylester)-3-Butylurea (4a)
A stirred solution of L-histidine methyl ester dihydrochloride (1.00 g, 4.13 mmol) in chloroform (100 mL) and triethylamine (1.16 mL) was heated to reflux under nitrogen. 
1-[2-(1H-imidazol-4-yl)ethyl]-(2-methylester)-3-octylurea (4b)
A stirred solution of L-histidine methyl ester dihydrochloride (0.50 g, 2.065 mmol) in chloroform (50 mL) and triethylamine (0.58 mL) was heated to reflux under nitrogen. 
